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Experimental xanthomas induced in rabbits
by feeding cholesterol resemble human diabetic
eruptive xanthomas in several ways. The le-
sions in both species appear as yellow papules
distributed over the dorsal surface of the
body (1). Both forms of xanthoma represent
accumulations of. foam cells in the dermis (2,
3). Further, in both species, lesions arise in
the presence of lactescent plasma and it has
been hypothesized that the lipids accumulating
in the dermal foam cells are derived from
these light scattering lipoprotein particles in
the circulation (1, 3).
In spite of the gross clinical and morphologic
similarities, there are chemical differences in
the lipids accumulating in the plasma and
xanthomas of these two species. In the rabbit,
cholesterol feeding results in the accumulation
of cbylomicrons rich in cholesterol esters (4)
as well as xanthomas whose major lipid is also
cholesterol ester (1). On the other hand, in
the uncontrolled diabetic an acquired fat-in-
duced lipemia develops which is characterized
by triglyceride rich chylomierons in the cir-
culation (5) and a preponderance of triglycer-
ides in the eruptive xanthomas (6).
The full extent of the resemblance between
the two kinds of xanthomas has not yet been
determined. Since experimental xanthomas may
provide a convenient model system for study-
ing the pathogenesis of xanthomatosis, it seems
important to compare them with human erup-
tive forms before generalizations are made re-
lating the lesions in the two species. Electron
microscopic techniques afford one exacting
means of comparison. Accordingly, this study
was undertaken to compare and contrast the
fine structure of developing xanthomas in man
and rabbit.
In this report it will be shown that ex-
perimental xanthomas are morphologieally simi-
lar to eruptive xanthomas in diabetic humans.
New observations of lipid droplets permeating
the dermal capillary walls of both man and
rabbits will be presented. Similarities revealed
by this analysis suggest that rabbit xanthomas
are reasonable experimental models for study-
ing their human counterparts. Moreover, the
appearance of lipid droplets in the capillary
walls is thought to be the first ultrastructural
evidence of lipoprotein particles permeating
the vascular wall in xanthomatosis, support-
ing the popular hypothesis that plasma lipids
contribute to the fats accumulating in these
lesions.
MATERIALS AND METHODS
Xanthomas induced in the nuehal skin of 16
rabbits by feeding a 4% cholesterol diet were
biopsied for electron microscopic examination at
2-week intervals over a 16-week period as the
xanthomas evolved (7). It was therefore possible
to follow the secioential ultrastruetural pathologic
events of the xanthomas' development.
Fifteen eroptive xanthomas from eight diabetic
patients were also sampled as soon as possible af-
ter their appearance was observed by the patients(6). It was not possible to obtain sequential bi-
opsies during the evolution of the human lesions
as they were already folly developed. At the times
of biopsy, the xanthomas had been present any-
where from two weeks to three months.
The human and rabbit xanthomas were placed
in ice-cold 2% osmie acid buffered with s-Colli-
dine, pH 7 and fixed for 1½ hours. After fixation,
the tissue was dehydrated and embedded in epoxy
resin in the manner previously described (8).
Thin sections were cut on a Reichert Ultrami-
crotome, stained with 3% uranyl acetate (10—30
minutes) (9) and then lead citrate (3—5 minutes)
(10) and examiaed with an RCA-EMU 2C elec-
tron microscope.
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RESULTS
In rabbits, sequential observations of the
evolving xanthomas reveal that the first altera-
tion heralding the onset of the lesions occurs
2—4 weeks after the cholesterol feeding is com-
menced (7). This appears as an aggregation of
extracellular droplets which widen the inter-
cellular space between the endothelial and
perithelial cells of the dermal capillary wall
(Fig. 1). Comparable changes are seen in the
capillaries of all the human eruptive xanthomas
examined (Fig. 2). Since sequential studies were
not performed on human xanthomas, it cannot
be established if the accumulation of droplets
represents an early event in the evolution of
human lesions.
Some dermal vessels in both rabbit and man
become markedly distorted by extensive ac-
cumulations of the droplets (Figs. 3, 4). The
perithelial cells are displaced from the endothe-
hum by the droplets which are also seen
within the capillary basal lamina and pervade
the extracellular space (Figs. 3, 4). Extensive
alterations of the capillary wall, like those
pictured in Figure 3, occur after six to eight
weeks of cholesterol feeding in rabbits when
well advanced xanthomas have developed.
The droplets are seen to best advantage in
the capillary basal lamina when it is sectioned
tangentially as shown in Figures 5 and 6.
Measurement of the droplets reveal an average
diameter of 2000 A 1000 A in both rabbit
(Fig. 5) and man (Fig. 6). The droplets are
almost circular in cross section. Except for an
increase in density in the central region of some
of the droplets observed in human specimens,
the particles are of a uniform density that is
very similar to the extracellular space. The
droplets in both rabbit and man display an
indistinct narrow band of material of higher
electron density at their peripheries. However,
no precise limiting membrane can be discerned
encircling the droplets.
No droplets have been observed within the
endothehial cell cytoplasm or in the intercellular
spaces between the endothelial cells in either
rabbit or man.
Vacuoles, which have been shown by cor-
relative histochemistry to represent lipid(7), are observed in the perithelial cells of
dermal capillaries of both rabbit (Fig. 7) and
human xanthomas (Fig. 8). The vacuolization
may become so extensive that the pericyte has
the appearance of a foam cell (Figs. 7, 8). In
the rabbit, sequential observations reveal a few
vacuoles in the pericytes as early as four weeks
after cholesterol feeding, but it is only in ad-
vanced lesions (8 weeks and beyond) that large
numbers of vacuoles appear and the term
foam cell can be used to describe these perithe-
hal cells. In man, although sequential studies
have not been performed, a similar evolution
of the pericyte into a foam cell can be de-
duced since perithelial cells with varying de-
grees of vacuolization are observed.
Although some of the foam cells accumulating
in the xanthomas of both species are pericytes,
the majority of cells with vacuolated cyto-
plasm can be distinguished as tissue macro-
phages by the presence of microvilli on the
surface of the cells and the absence of a sur-
rounding basal lemma (Figs. 9—12). When the
macrophages are present in large numbers
and are closely packed, the intertwining of the
finger-like microvilhi appear as a series of inter-
digitating membranes at the cell intersurfaces
(Figs. 9, 10). This characteristic finding is
observed in both experimental and human xan-
thomas. The cytoplasm of the macrophages in
both species display numerous vacuoles, some
of which contain concentrically arranged lamel-
lac or so-called myehin forms (Figs. 9—11). In
addition, lysosomes and cholesterol clefts (Figs.
11, 12) are observed in the macrophage's
cytoplasm. The clefts are far more numerous
in the rabbit xanthomas than human lesions.
Thus, except for an apparent difference in the
numbers of cholesterol clefts, the macrophage
foam cells found in the xanthomas of both
species appear to be identical.
In the sequential studies on rabbit xanthomas,
small groups of macrophagc foam cells ap-
pear around the dermal capillaries by four to
six weeks of cholesterol feeding, and their
numbers as well as degree of vacuolization
appear to increase as the xanthomas enlarge
(7).
DISCUSSION
The sequence of ultrastructural pathologic
events occurring during the evolution of ex-
perimental xanthomas in rabbits seems to be
identical to certain features observed in human
diabetic eruptive xanthomas. Thus droplets
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KEY: Letters used to identify various structures pictured in the electron micrographs.
B, Basal lamina of capillary wall; C, Collagen; CC, Cholesterol cleft; D, Droplets; E,
Endothehal cells; F, Myelm forms; L, Lumen; LY, Lysosomes; M, Macrophage; MV,
Microvilh; IN, Nucleus; P, Pericytes or perithelial cells; 5, Extracellular space; V, Vacuoles.
Fic. 1. A dermal capillary cut in cross section from a rabbit fed cholesterol for six
weeks. Note that the lumen is collapsed and appears as a thin slit. Droplets of various sizes
are seen aggregated between the endothelial cells and pericytes. Several vacuoles appear in
one of the pericytes. N 12,144.
y10 2. A dermal capillary from a diabetic eruptive xanthoma is cut in cross section and
is shown to compare it with the rabbit capillary displayed in Figure 1. The lumen of the
human capillary is collapsed and droplets are seen widening the intercellular space between
the endothelium and pericytes in a number of places. Droplets are also seen in the basal
lamina of the capillary. Vacuoles are seen in the adjacent pericytes. N 16,022.
Fic. 3. A dermal capillary from a 10-week cholesterol-fed rabbit showing marked dis-
tortion of the normal architecture. The endothelial cells maintain a patent vascular lumen
hut large numbers of droplets appear to displace the perithelial cells some distance from
the endothelium. In places the droplets broach the disrupted basal lamina and extend into
the extracellular space. N 6,348.
Fm. 4. A human dermal capillary from an eruptive xanthoma displaying extensive al-
terations similar to those shown in the rabbit in Figure 3. The endothehum is intact but
numerous droplets are seen between it and the pericytes. In the lower right corner of the
picture the basal lamina is almost totally lost and the droplets can be seen in the extra-
cellular space. A portion of a macrophage foam cell is also seen. N 10,054.
FIG. 5. A closer view of the droplets are seen in this tangential section through a dermal
capillary of a rabbit fed cholesterol for six weeks. Portions of two perithehal cells are seen
with the droplets nearby within the basal lamina. The circular droplets measure 2000 A
1000 A and are of uniform density throughout except for a narrow, indistinct peripheral
band of material of high electron density. This band is not a membrane, but rather appears
to consist of many fine particles. N 11,830.
FIG. 6. A tangential section of a human capillary analogous to that shown in Figure 5 of
a rabbit vessel. Numerous droplets are seen within the basal lamina surrounding a portion
of a perithelial cell. As in the rabbit, these droplets appear similar to those observed in
rabbit xanthoma. N 14,014.
Fic. 7. A small portion of a capillary, taken from a rabbit fed cholesterol for 16 weeks,
is shown to demonstrate numerous vacuoles in the cytoplasm of a perithelial cell. Such a
cell would have the appearnce of a foam cell by light microscopy. Profiles of three endo-
thelial cells are seen enclosing a part of the vascular lumen. Two tissue macrophages are
observed close to the capillary. N 12,376.
Fic. 8. A human dermal capillary cut longitudinally is seen coursing diagonally across
the clcctron micrograph. The lumen is closed down. A perithelial cell is seen to contain
many vacuoles, some of which contain myelin forms. As in the rabbit, this extensively
vacnolatcd cell would appear as a foam cell under the light microscope. Numerous droplets
arc seen in the basal lamina of the vessel wall. Portions of tissue macrophages are seen
above and below the capillary. N 9,520.
Fm. 9. Profiles of portions of two tissue macrophage foam cells are seen from this sam-
ple taken from an xanthoma of a rabbit fed cholesterol for twelve weeks. The two cell
boundaries are marked by a series of interdigitating membranes which represent the inter-
twining of the finger-like microvilli which are seen on the surface of the cells. Numerous
vacuoles, some containing myelin forms, are seen in the cytoplasm. N 11,257.
Fic. 10. Macrophage foam cells from a diabetic eruptive xanthoma are shown to compare
with the macrophages observed in experimental xanthoma pictured in Figure 9. Here pro-
files of four cells are observed and, as in the rabbit, the characteristic interdigitating mem-
branes mark the borders of the cells. Many vacuoles, some with myelin forms, dominate
the cytoplasm. N 12,740.
Fio. 11. Part of a rabbit foam cell macrophage is pictured with the nucleus on the right.
Many vacuoles are seen near a cholesterol cleft. Lysosomal structures are present and the
microvilli on the cell surface are also apparent. Fourteen-week cholesterol-fed rabbit. )<
17.112.
Fcc. 12. A macrophage foam cell from a human eruptive xanthoma showing cellular
features similar to those in the rabbit as shown in Figure 11. A cholesterol cleft is seen
near the cell nucleus. A number of lipid droplets, lysosomes, and the microvilli on the cell
surface are also seen. N 15,531.
FIGs. 1 and 2
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seen in various positions within the dermal
capillary walls of both kinds of xanthomas are
thought to represent lipoprotein particles in
transit from the plasma. In addition, two kinds
of cells, the capillary pericyte and the dermal
macrophage, appear to participate in the for-
mation of foam cells which are so charateristic
of the cutaneous lesions in both species. In-
deed, these features are so constant that it is
impossible to identify the species in which the
xanthoma occurs by its ultrastruetural ap-
pearance. This is true even though the lipids
accumulating in the plasma lipoproteins and
eruptive xanthornas of rabbit and man are
quite different (1, 6, 7). Thus, even though the
underlying lipid metabolic alterations are
vastly different in the cholesterol-fed rabbit
and the diabetic patient, the basic mechanism
of lipid deposition in the dermal lesions ap-
pears to be similar. That is to say, lipoprotein
particles, 2000 A in diameter, appear to per-
meate the dermal vascular walls and the lipid
is then sequestered by pericytes and tissue
macrophages.
The droplets observed in the capillary walls
of rabbit and human xanthomas are thought to
represent ohylomieron lipoproteins. Such an
assumption seems reasonable, since the drop-
lets have the same size as that reported for
isolated human (11) and rat chylomicrons (12).
The droplets have a similar ultrastruetural
morphology as those reported in investiga-
tions of the passage of ehylomicrons across the
capillaries of mice and rats (13, 14).
The droplets iu the capillary walls of rabbit
xanthomas are also morphologically similar to
those isolated from the thoraoio duets of rats
(12) in that they are oiroular in cross section
and are of uniform density throughout, except
for a narrow, indistinct peripheral band of ma-
terial of high electron density. This band is not
a membrane, but rather appears to consist
of many fine particles. Previously, Parker and
Odland (1, 7) performed sequential correlative
histoehemical and biochemical studies on these
evolving rabbit xanthomas, which suggest that
the ultrastruetural droplets are lipoproteins.
In unpublished work (4) the authors have
observed that approximately 50% of the plasma
cholesterol in cholesterol-fed rabbits is carried
in the so-called primary or chylomieron par-
ticles as determined by polyvinylpyrrolidone
(PVP) flocculation (15). Eighty-five—90% of
the lipid in these partioles is cholesterol. The
terms primary particles or ehylomierons have
been adopted to refer to those lipoprotein
particles derived from intestinal lymph. Taken
together, such lipid biochemical, histoehemical
and ultrastruetural evidence suggests that the
droplets in the walls of the dermal capillaries
of rabbit represent ehylomioron particles in
transit from the plasma.
However, it should be pointed out that not
all light-scattering lipoprotein particles are
ehylomierons. There is a spectrum of very
low density and low density lipoprotein com-
plexes varying in size and lipid composition but
with a similar basic structure which makes it
diffioult to precisely identify ohylomierons by
electron microscopic criteria alone.
In human diabetic eruptive xanthoma, the
presence of droplets of the same size and ap-
pearance in the vascular walls suggests that an
analogous mechanism of transport of lipo-
protein particles is occurring. Recent correla-
tive biochemical and histoehemieal investiga-
tions (6) carried out in conjunction with the
electron microscopic studies of diabetic erup-
tive xanthomas indicate that the droplets in
man also represent ehylomieron particles,
hut these light-scattering lipoproteins are rich
in triglyceride.
Thus, the dietary ehylomicron particles con-
tain different lipids in the human diabetic
and cholesterol-fed rabbit. The diabetics' ehylo-
miorons contain primarily triglyceride (5, 6)
while the ehylomierons of the rabbit are oom-
prised chiefly of cholesterol (4). Despite this
chemical difference, ehylomierons from both
species appear to permeate the vasoular wall
providing a very similar morphologic picture.
Therefore, the lipid composition of the ehylo-
microns may not be as important as their
physical form or size in determining their
ability to permeate dermal capillaries. The
present ultrastruotural study adds support to
the commonly held hypothesis that plasma
lipids significantly contribute to those accumu-
lating in the xanthomas of man and rabbit.
After the ehylomieron droplets permeate the
dermal capillaries, they are apparently se-
questered by capillary perithelial cells and
tissue maorophages which evolve into foam
cells. Lipid inclusions in pericytes have also
been briefly mentioned in human tendinous
xanthomas (16), in newborn rats subjected to
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physiologic lipemia (13) and in the altered
capillaries of Fabry's disease (17). It may be
that the accumulation of lipid substauces within
the perithelial cell is a general reaction to
various types of physiologic and pathologic
stimuli related to alterations of lipid metabo-
lism.
Tissue macrophages sequester the major por-
tion of the plasma lipids flooding the extra-
cellular space in human and rabbit xanthomas.
The presence of cholesterol clefts in these cells
suggests that they have phagoeytie properties.
The frequent occurrence of these clefts in rab-
bit xanthomas reflects the large quantities of
cholesterol found in experimental lesions (1,
7), in contrast to their infrequency in human
diabetic eruptive lesions which primarily con-
tain triglyceride (6). Imneda (18) originally
described the ultrastructure of these xanthoma
cells in a tuberous xanthoma. He showed
vacuoles in the cytoplasm of these cells as well
as oval shaped dense bodies and "onion-like
figures" (18). The present study reveals simi-
lar structures in the macrophage foam cells of
experimental rabbit and human diabetic xan-
thomas. New information accumulating in the
ensuing years since Imaeda's investigation al-
lows further speculation regarding the identifi-
cation of the intracytoplasmio structures ob-
served in the foam cells (19, 20). Considerable
numbers of lysosomes are apparent and, since
such structures are known to contain various
hydrolytic enzymes, it seems possible that they
might play some role in attempts to dispose
of the accumulating lipids. The close approxi-
mation of the lysosomes to cholesterol clefts
as pictured in Figures 11 and 12 might be in-
terpreted as evidence of efforts by the foam
cell to dispose of the relatively insoluble
cholesterol accumulations. The "onion-like
figures" described by Imaeda are identical to
so-called myelin forms which are thought to
represent sites of phsopholipid residues (20).
Wilson's in vitro studies on experimental
xantboma metabolism suggest that phospho-
lipid is synthesized in situ rather than origi-
nating from the plasma (21). The presence of
these phospholipid residues in the foam cells
suggests that these cells are involved in syn-
thesizing such lipid (22).
Rabbit xanthomas appear to represent a
reasonable fine structural facsimile of human
diabetic eruptive xanthomas. Both kinds of
xanthomas may also prove to be valuable
models for the study of lipoprotein transport
across vascular walls and the reaction of tis-
sue maerophages and perithelial cells to
lipemia. In addition, these easily perceived
ultrastructural events may meaningfully re-
flect alterations attendant to the atherosclerotic
process in large blood vessels where plasma
lipoproteins are also thought to contribute to
the lipids accumulating in atheromatous
plaques.
SUMMARY
Experimental xanthomas induced in rabbits
appear to have the same electron microscopic
features as human diabetic eruptive xanthomas.
The fine structural features found to be com-
mon in xanthomas of both species are: (1) ac-
cumulations of lipid droplets within the dermal
capillary walls; (2) vaeuolization of pericytes
extensive enough to warrant labeling them
foam cells; and (3) large numbers of perivascu-
lar maerophages which comprise the major
component of tissue foam cells. These findings
suggest that at the ultrastructural level, rab-
bit xanthomas are reasonable experimental
models for studying their human counter-
parts. Moreover, this is thought to be the
first time that ultrastructural changes inter-
preted as lipoproteins crossing the vascular wall
have been described in either experimental or
human xanthomatosis suggesting that plasma
lipids contribute to the fats accumulating in
these lesions.
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